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Abstract
Telemedicine has been common practice in the petroleum industry for decades, first being characterized by telephonic contacts
between the offshore platforms and the onshore medical support, and today including videoconference and digital medical 
devices. In this paper we present work drawing on a systemic perspective meaning that the telemedicine service is viewed as an 
interconnected (sub)system, comprising various medical professionals, collaboration and communication technologies, medical 
equipment, and procedures and work processes.The paper identifies and generalizes both good practices and central challenges 
for four company cases (operating in Norway and Brazil) that had established, were planning to or were in the process of 
modifying or improving their current telemedicine solutions. In particular, the paper addresses the various lessons learned related 
to people, technology, work processes, and governance issues, and the interdependence between these. The data presented is a 
result of both formal and informal interviews, observations, various meetings and workshops. Main findings include how 
contextual aspects of operations impact telemedicine set-ups; the criticality of change management when modifying established 
practices in telemedicine; the need to thoroughly assess the variability in medical workflows when implementing new technology
to ensure situation awareness and facilitate decision-making; and the issue of technology integration and need to define early 
requirements coupled to the new software/hardware when changing existing telemedicine set-ups. The paper concludes with an 
overall assessment based on our systemic approach to developing telemedicine services, and advocating the need for further 
research within oil and gas telemedicine set-ups.
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1. Introduction
Telemedicine has been reported as being common practice in the petroleum industry for several decades, initially 
referring to radio communications between the offshore medical personnel and onshore doctors [1,2]. Today, 
telemedicine solutions often include videoconferencing systems and digital medical devices that enable sharing of 
both subjective and objective medical information in real-time between offshore and onshore medical personnel 
[1,3,4,5]. During recent years, telemedicine has received growing attention from oil and gas (O&G)companies due 
to its potential advantages: reduction in the number of (unnecessary) evacuations [6,7], shorter response times and 
early initiation of treatment in critical conditions [1,7,8,9,10], increased patient satisfaction and perception of safety 
by offshore personnel [4,8]. The perceived importance of offshore telemedicine services is further heightened by the 
increasingly larger proportion of illnesses reportedoffshore since the 1980s[10,11,12]. Consequently, calls for a shift 
from an accident-focus towards an illness-perspective in offshore healthcare have been made[13]. In such a 
perspective, precise and fast diagnosing of patients becomes increasingly important whereby telemedicine is 
considered an important enabler of having access to specialized medical competence who can act as decision 
support in medical cases offshore.  
The telemedicine service in today’s offshore installations is usually comprised of health personnel offshore who 
are supported by an onshore medical team. The medical competence of the personnel both onshore and offshore can 
vary, but commonly the onshore medical personnel have a higher level of medical education than the offshore 
personnel, e.g. specialized medical experts [3,10]. The medical experts are available to the offshore medical 
personnel for support in diagnosing and decision-making, most often via telephone and/or video conferencing. Some 
objective medical information such as ECGs can be transferred to the medical experts for their interpretations, either 
in real-time or in a store-and-forward fashion[1,4,5,7,14]. Access to such support can be critical for the offshore 
patients. For example in cases of potential heart failure, early involvement of a cardiologist for accurate diagnosis of 
the patient and thereby early initiation of appropriate treatment is highly important. Despite such recent advances in 
offshore telemedicine services, the petroleum industry recognizes that there are still potentials for improvement [5]. 
In the research presented in this paper, we aimed to gain an understanding of current telemedicine practices in the 
petroleum industry and how one can further improve the offshore telemedicine services by using a system 
perspective. We describe our research approach and methods, followed by an account of our main findings and a 
discussion of how we can improve future telemedicine practices.
2. Background
The organization of offshore telemedicine services closely resembles a more general trend in the petroleum 
industry of utilizing the concept of integrated operations (IO). IO refers to a way of working based on the interaction 
between man, technology and organization (MTO), focusing on effective collaboration and utilization of data across 
organization(s) regardless of location(s). In such a setting, it is necessary to view the telemedicine service through a 
systemic lens for fully understanding the current service and its improvement potentials. 
Using a system perspective means that the telemedicine service in its entirety is viewed as an interconnected 
(sub)system[15,16,17], comprising various medical professionals, potentially belonging to different organizations, 
collaboration and communication technologies and medical equipment,  procedures and work processes, 
mechanisms of structuring the service, etc. Furthermore, the offshore telemedicine services are regulated through 
national regulations and laws, and adapted to the local specificities of the offshore installations. This explains the 
variations between and within companies in their specific telemedicine service, such as type of medical competence 
(for example a nurse or a doctor) that they have offshore. Consequently, our approach to understanding how one can 
improve offshore telemedicine services in terms of both efficiency and patient safety is much in line with[18]'s
notion of socio-technical systems, and included assessing the various external factors and internal needs which 
frames the specific telemedicine services and matching this to the set-up of the services. National laws and 
regulations and geographic locations are examples of external factors, while most frequent medical occurrences and 
flexibility in telemedicine usage depending on medical cases are examples of internal needs that we identified. 
Furthermore, when exploring and analyzing existing telemedicine services and improvement potentials, we sought 
to account for the various interdependencies between elements of the telemedicine system and how any one change 
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could potentially impact the telemedicine service as a whole. As noted by [15], understanding the interactions 
themselves is needed for informing design of such complex, multifaceted interacting systems.
3. Methods
We used a variety of methods that included individual and group interviews with semi-structured interview 
guides; workshops, organized around the concept of exploring possibilities and ideas and exchanging information 
amongst representatives of different roles and organizations; meetings with management, medical staff, and 
representatives of different O&G companies, medical services, and research organizations; direct structured 
observation during visits to offshore and onshore installations in the O&G companies and the hospitals and medical 
services providers; and online questionnaires directed to the medical staff of one of the studied O&G companies. 
These methods enabled us to understand the current practices, and explore needs and expectations from different 
roles involved in the telemedicine practice.
Table 1.Multi-method approach to data collection.
Method Type of information obtained Involved roles Number of events
Individual Interviews Common practices
Experienced challenges
Medical staff in the O&G 
companies, hospitals, and onshore 
medical support teams
Management in 0&G companies and 
hospitals
15 interviews
Group Interviews Common practices
Experienced challenges
Medical staff in the O&G 
companies, hospitals, and onshore 
medical support teams
5 group
interviews
Workshops Idea discussion
Needs and expectations
Medical, ICT and management staff 
in the O&G companies, hospitals, 
and onshore medical support teams
5 workshops
Meetings Initial contact
Project overview
Medical, ICT and management staff 
in the O&G companies, hospitals, 
and onshore medical support teams
7 meetings
Observations Current practices
Effort and impact of change
On-site challenges
Equipment and logistics information
Medical, ICT and management staff 
in the O&G companies, hospitals, 
and onshore medical support teams
Onshore and offshore O&G 
companies’ workers
2 offshore visits
2 hospital visits
4 onshore visits 
to O&G 
companies
3 visits to 
telemedicine 
services 
providers
Questionnaires Perceived performance level
Needs, good practices, and challenges
Medical roles inside the O&G 
company
1 questionnaire, 
12 participants
4. Main findings
4.1. Company goalsrelated to change of telemedicine services
The motivations for initiating changes in the type of services, and in the overall way of working in health services 
in offshore platforms were generically similar in the companies we visited. A central issue is the improvement of the 
quality of the services. In all companies a strategy to achieve this was the inclusion of medical experts (with a 
special emphasis on cardiology expertise) directly in the decision processes. A related issue was reducing the 
amount of time required for decision making – this aspect was addressed by all companies investing in more 
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efficient communication/collaboration systems like videoconference, but also by adding extra objective information 
to the consultation by making more medical equipment available offshore and making it possible to share the data 
from this equipment with the experts onshore.Another central motivation of some companies for initiating changes 
had to do with the specific contexts they were operating in. Issues such as the distance from the offshore installation
to onshore,restrictions that the weather conditions might have in emergency evacuations by helicopter, the existing 
medical competence offshore, and number of personnel offshore were typical factors that were stressed and led 
some companies to seek a different set-up of their telemedicine services in order to efficiently secure their
personnel. 
The description of “ideal scenario” situations by the interviewees revealed that being able to have expert support 
available from onshore was crucial to the quality of the consultations, and that using technology as a facilitator was 
seen as positive by the medical staff. Being able to extend this collaboration network beyond the offshore/onshore 
medical teams, for instance including the helicopter team and the onshore hospitals in situations where the patient 
had to be evacuated and required immediate hospital care were also mentioned.
Conclusively, the main value of the suggested changes lays on the possibilities of speeding up the consultation 
process while distributing more information in real time to the key personnel in the process, facilitating the tasks and 
medical care that has to be provided in each case.
4.2. Challenges
Analyzing the overall telemedicine set-up in use at the companies, it is possible to see that it is a complex system, 
dealing with the medical professionals offshore and onshore, patient transportation system, equipment for 
collaboration and medical examination; existing rules and regulations; existing practices and preferred ways of 
working; and the ability to learn from past and current experience, including it into the future practice.
Table 2. Main Identified Challenges.
Challenges Examples
Aligning new workflows with tacit knowledge The fact that the telephone has been used as an immediate and effective 
response
Involve representatives from all main roles In a bottom-up process management was less involved which impaired the 
mobilization of the required budgets
Communicate project goals to stakeholders Informing the unions about the foreseen advantages of the new set-ups (e.g. 
project was questioned since it was initially interpreted as a way to reduce the 
offshore health staff; use of video in the infirmaries was contested due to 
privacy issues)
Integrate new equipment with existing software/hardware Developing internal competency for handling the new systems/equipment is a 
morose process
Bandwidth restrictions limit the choices/possibilities The new equipment and set-ups usage can be limited and alternative 
procedures need to be developed as a default interaction and as a plan B 
situation
Inter-organizational collaboration Hospital involvement was restricted to a few specific doctors, collaborating 
with the O&G nurses in their own free time (not as part of their normal work)
Standardization of equipment and communication Joint design of protocols and workflows involving O&G and hospital medical 
staff is a complex process and is built from experience
For medical support services who respond to more than one O&G company 
there is an added complexity of having to know what is the preferred 
communication with each
Establishment of agreements between organizations Contract signing processes can take many months
Non establishment of a formal agreement leaves the professionals at stake
Define patient responsibility and decision authority between
organizations
Misinterpretations and confusion of patient’s responsibilities in different 
phases of consultation are a risk for emergency situations
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Using an MTO approach we systematically addressed these issues with people in different roles in each company 
and identified the main common challenges that required attention in order to allow a change in the current set-ups. 
These challenges included the need to align new workflows with experience and tacit knowledge from the staff, 
changing the old practices that were considered sufficient to perform a task satisfactorily. Being able to involve 
representatives of the main roles involved in the telemedicine service is also challenging, specifically to be able to 
involve them early enough to consider their experiences, desires, and preferred improvements into the planning of 
the new set-up. Another challenge relates to the need to communicate the project goals and relevance to all 
stakeholders, including the unions. Related with technology, we have observed that being able to adjust the existing 
software/hardware to the new acquired equipment can be difficult. Also, aspects such as bandwidth restriction may 
affect the type of solution that can be used and also that having more equipment is not necessarily better – it is 
necessary to address what is required to be able to respond to the cases and then adjust the equipment to be able to 
efficiently react. Other major challenges relate to the inter-organizational collaboration, the changes of roles and 
tasks as the set-ups change, aspects such as standardization of equipment and communication between the onshore 
and offshore staff, and also the establishment of agreement that cover patient responsibility and decision autonomy 
amongst the involved organizations.
4.3. Good practices
The studied companies were generally attempting to strengthen the operational and organizational ability to adapt 
to unknown or unexpected situations. This implied a large effort in mapping the existing workflows, the possible 
deviations, and listening, involving, and addressing issues referred by each stakeholder.
Implementing a large change in the set-up required a mixed competence project team with medical, IT and 
management people; establishing connections and relationships between staff in different organizations; informing 
all stakeholders; planning; training all relevant staff; and adjusting the medical competencies to the new 
possibilities. Being able to follow-up the consultations and analyzing the most common cases is also a way to adjust 
and improve the practices and design the training programs in a way to potentiate the quality of consultations. 
Assuring flexibility regarding the use of the equipment was also seen as crucial, requiring the integration with 
previous equipment, planning for usability testing, and using open standard equipment. Finally, aspects such as 
using common documentation systems between the organizations involved in the project and assuring traceability 
and transparency in the access of information are very important.
5. Improving offshore telemedicine services
When viewing offshore telemedicine services through a generic systemic lens, or system perspective, there will 
be challenges in identifying and understanding all the factors involved, even the most salient. As researchers we 
identified a multitude of various couplings and influencing factors affecting the current telemedicine services and 
their usages. Moreover, new telemedicine solutions need to address similar conditions, which are often challenging 
and sometimes even comprise conflicting needs and wishes from the various stakeholders involved.
Following our approach of assessing external factors and internal needs our data informs us that there is no clear 
cut-solution for how to best improve efficiency and strengthen patient safety in the various offshore telemedicine 
services we studied. However, the MTO perspective laid the foundation for an analytical distinction between
operator competence and framework conditions that informed us regarding the potential for improvement. 
Operator competence implies the competence level associated with the various roles involved when "doing the 
actual work", that is both offshore and onshore personnel. Framework conditions relate to technology, governance, 
process, and contextual issues.
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Table 3. Main Identified Good Practices.
Good practices Example
Multidisciplinary project teams Creating a project team with people from management, medical, 
and ICT areas
Promoting personal connections between staff from different 
organizations
Doing joint training sessions for staff in the O&G company and 
in the hospital
Promoting meetings between members of the different 
organizations
Informing all stakeholders Promoting offshore sessions with the medical management team 
to present the project to all workers 
Creating long-term plans for training staff Use the new set-ups as a way to improve the competences of 
offshore staff through the direct contact with experienced
medical doctors onshore
Use the information on the previous consultations to improve the 
procedures in future occurrences
Adjusting medical competences to the new possibilities enabled by the 
equipment
Being able to share medical data directly with onshore support 
enables the diagnostic of some types of situations, namely chest 
pain scenarios – this requires having access to a cardiologist 
onshore 
Creating processes to follow up consultations and using it to learn about 
the system and improve it
Create a case database that allows the offshore technicians to 
identify colleagues who had similar patient cases and ask for a 
second opinion if needed
Use the statistics from the most common situations to guide
preventive health campaigns in the company
Assuring flexibility in the use of the equipment Working closely with a software developer to create a solution 
that is dedicated to the O&G medical team needs
Opting for open source equipment
Establishing common documentation systems between organizations Facilitate information sharing and avoid information duplication 
by using only one system in all organizations
Assuring traceability and transparency in the access of personal 
information
Use a login system to be able to personally identify the 
doctors/technicians in each consultation
In table 2 we identified challenges related to offshore telemedicine services, and in table 3 good practices were 
identified in a similar manner. Looking at both tables one acknowledges that the identified challenges and good 
practices and their associated examplesare generic in nature and they might occasionally overlap. By this we mean 
two things: First, even though handling some type of challenge at first sight might trigger ones focus entirely on 
aspects related to operators' competencies, most often also framework conditions play a significant part. Secondly, 
whereas one issue is labeled as a challenge in some instance, the same issue can in other circumstances be seen as a 
good practice depending on operator competence and framework conditions. 
Consider the following if one is to manage one of our identified challenges, for example the issue of tacit 
knowledge and the alignment of workflows to match this aspect of operator competence:Offshore personnel's 
extensive reliance on the telephone is often grounded in the need to get immediate feedback from a medical 
specialist onshore even though they have videoconferencing equipment available. The use of the telephone for 
consultation is most often favored over video conferencing. The argument being, it is simpleto use and effective. The 
telephone is thus for most consultations an adequate tool as viewed by the offshore personnel. Consequently, if the 
O&G companies want to change this, the users themselves must be convinced that "a new way" to conduct 
consultations will be more useful and valuable for both themselves and the patient.Using protocols and procedures is 
one way for the O&G companies to ensure compliance to intended workflows.
This brings us to the issue of what is actually a challenge versus a good practice as mentioned above. When 
several expert opinions are needed, another type of communication technology is more suited than the telephone. On 
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the other hand a local initiative by the medical personnel offshore to use the phone when initially contacting the 
onshore doctor might be a good practice at that particular point in the patient's trajectory.
Furthermore, consider how one is to strengthen one of our identified good practices, for example the value of 
assuring traceability and transparency among the involved medical roles in patients' trajectories. Making patient 
information available electronically means that one must have secure systems when it comes to who at all times will 
have access to this information. In this respect there must be clear legal guidelines for the handling of sensitive 
patient information, while one also needs to consider what and how much information one really wants to make 
available to the health personnel. The content and amount of patient information, how that information is 
communicated and when it is communicated must be clarified together with users. Thus, both operator competence 
and framework conditions play a role in this type of assessments.Such concerns regarding medical information 
involves tradeoffs similar to the use of the phone for initial consultations in terms of when you can say that 
traceability and transparency actually constitute a challenge or good practiceper se.
6. Conclusion
Through this paper we have demonstrated that the approach to improving telemedicine services need to be a 
systemic one such as MTO. To appropriately inform the re-designing of the services the companies need to be 
informed about how the implications of the different choices enabling a telemedicine service is compatible with the 
goals for that service and also for the overall company. The use of this approach allowed the deliverable of a robust 
set of recommendations to the target-companies, broadening their perspectives of the problem and highlighting 
possible risks and advantages of the new set-ups that had not been considered before. More specifically, as 
mentioned before, using an MTO approach allowed the project teams in the companies to understand that upgrading 
their equipment for telemedicine was not an advantage in itself if it was not considered in the context of the generic 
service. The MTO approach facilitated the understanding of the interdependencies between the man, technology, 
and organization elements comprised in the telemedicine service, as well as the connections between various levels 
and disciplines within and between the organizations. Furthermore, such a systemic perspective is important for 
understanding to what extent the change initiatives match the real needs of the offshore workers, the medical 
personnel, and the organization, given the opportunity that exists for improving the services. 
While the presented approach is generic and can be utilized across organizations, the resulting recommendations 
and solutions for improving telemedicine services are not. As presented here, what constitutes an improvement of 
the telemedicine services in terms of efficiency and patient safety is highly dependent on the contexts of operation, 
on the organizational culture, on the existing competences, and on a strategic perspective of the near-term and long-
term needs for that specific service and the whole organization. This means that a systemic and careful approach, 
screening the needs and goals of different organizations is fundamental to plan for an effective change in integrated 
systems.There is undoubtedly a need for more research within O&G telemedicine services in this respect, especially 
research explicitly related to the implementation of new telemedicine solutions, including evaluation of such 
introduction processes.
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